Abstract: This paper seeks to empirically identify factors that influence the probability of being a fast growing firm in Eastern and Western Germany. Descriptive analyses have shown that most firms experience only small positive or negative employment growth or stagnate over time. The job generation mechanism rests with a handful of firms that increase their employment significantly over time. The empirical analysis shows that the probability of being a fast growing firm depends on different factors when separating Eastern and Western Germany as well as using different definitions of fast growing firms. Moreover, the analysis shows that technology-intensive manufacturing branches and knowledge based business related services do not generate the majority of fast growing firms.
Non-technical summary:
This paper gives an empirical contribution to the identification of factors that influence the probability of being a fast growing firm. New Eastern and Western German firms that were founded in the beginning of the 1990s are the object of examination. Descriptive analyses have shown that most firms experience only small positive or negative employment growth or stagnate over time. The job generation mechanism rests with a handful of firms that increase their employment significantly over time. The econometric analysis is based on a probit model, where the Bernoulli distributed endogenous variable indicates whether the firm belongs to the group of fast growing firms or not.
The analyses account for the influence of firm-specific, founder-specific and external characteristics on the fast growth potential, while separating Eastern and Western Germany. To differentiate the effects between relative and absolute growth two definitions of fast growth serve as endogenous variables in the econometric analysis. The results of the probit analysis confirm several results of previous studies. However, various determinants influence the probability of fast growth in both Eastern and Western Germany and the definitions of fast growth in different ways. It turns out that initial size, legal form, start-up year, economic sector as well as the human capital of the firm participants
Introduction
When we talk about new firms , we often mention their potential to create additional employment or their efforts to create new and better products and services. New firms are a driving force in overcoming existing economic structures (transformation from a industrial to a service economy). Moreover, new high-tech firms in manufacturing and business related services provide new technological know-how. However, expectations that the employment created by new firms is a solution for high unemployment have been exaggerated. Various recent studies found that the employment creation potential of young firms is about 1/3 in contrast to 2/3 of established firms (Storey, 1994; Rajan and Zingales, 1998) . These results contradict those found by Birch (1979) , where new U.S. firms create the majority of employment. The Birch studies have been criticized for methodological lacks (Davis et al., 1996) but gave way to a series of empirical studies that deal with the employment creation potential of new firms and businesses (see, for Germany, Boeri and Cramer, 1991; Wagner, 1994) . Another fact to be mentioned in connection with the growth aspiration of new firms is that for most start-ups employment growth is not an objective. For example, about 50 per cent of U.K. founders start their firm with no intention to grow (Storey, 1994) . Looking at both the job creation potential and the relatively low propensity of new firms to grow, it is interesting to focus attention on the small number of fast growing firms that exist in every economy and to find characteristics that hamper or promote fast growth.
This study makes a methodological and explorative attempt to contribute to this line of research (the role played by fast growing firms) and close the gap which still exists between theory and practice (empirical applications). But before the empirical analysis starts we must answer the question: What is a fast growing firm? This question initially leads to a trade-off between the importance of absolute and relative growth rates and moreover between the growth potential of larger and smaller firms. Many studies dealing with the fast growth of firms observe the distribution of employment or sales growth and take the upper 10 per cent of the respective distribution (Storey, 1996; Lessat and Woywode, 1999; Buergel et al., 2000) . This is motivated by the fact that only a few firms create the majority of employment. For example, Storey (1994) mentions that 4 per cent of the fast growing firms in his sample create about 50 per cent of the employment in this cohort over a decade. All these measures favor small firms since these must grow faster in relative terms to reach the minimum efficient scale (MES) of production in their industry that enables them to survive (Sutton, 1997) . Thus, using these growth measures to identify fast growing firms would imply a bias toward small firms. A complete concentration on absolute growth measures in the change of employees on the contrary leads to a bias toward large firms.
The Birch Index (BI), a combined measure of absolute and relative growth,
with E 1i (E 0i ) as number of employees at the end (at the beginning) is used to reconcile both views (Birch, 1987) . This measure still depends on firm size, but reduces the bias towards any particular firm size. The definition of fast growing firms is then similar to that of the relative growth measures. A firm is a fast growing one if it belongs to the upper 5 or 10 percentile of the Birch Index distribution.
Bruederl and Preisendoerfer (2000) take a similar approach. They combine relative and absolute employment growth to generate a group of fast growing firms and to weight employment creation potential with respect to firm size.
A firm is defined as fast growing if it doubles its employment and creates at least additional 5 jobs within 5 years. Their descriptive analysis reveals that only about 4 per cent of the new firms qualify as "fast flyers".
The analysis mainly concentrates on the identification of factors that hamper or promote fast growth. Special attention is drawn in this context to the development in different economic sectors and different economic environments.
The data set used contains firms from Eastern and Western Germany founded between 1990 and 1993. Therefore, an analysis of differences between an established social market economy and a transition and former planned economy is possible. Moreover, the probability of fast growth depends on the economic sector. Up to now, there are only a few studies that include the main economic sectors in empirical analyses. Most empirical studies concentrate on the manufacturing sector and neglect the others (Delmar, 1997) . A study that includes the main economic sectors in the empirical analysis is of interest especially for Eastern Germany, since 10 years after reunification it is important to get a greater insight how firms in various economic sectors developed.
The paper proceeds as follows. After a brief description of theoretical issues in section 2, the third section deals with the data set used. Section 4 presents the descriptive analysis and definitions and the results of the econometric estimation follow in section 5. The last section provides a conclusion.
Theoretical issues
Since there is no unique theoretical model that explains the fast growth of firms, Storey's (1994) fast growth hypotheses as well as various theoretical approaches are used to model and explain fast firm growth. According to Storey three categories of factors exist which influence the probability that a firm becomes a fast growing one. These can be summarized as entrepreneurial characteristics, strategic factors and firm characteristics. I will discuss some of these and enrich them with results or considerations from other studies and approaches.
Early studies on firm growth concentrated mainly on the influence of size and age and found that small and new firms have an above average growth potential (Evans, 1987; Hall, 1987; Dunne et al., 1989) . This is due to the fact that firms must reach a size that enables them to exist in the market, the so called minimum efficient size (MES). The MES varies in various economic sectors. Small firms operating in industries with a high MES should have a higher propensity to grow since crossing the MES threshold ensures that size is large enough to maintain a market preserve. Audretsch (1995) finds a positive correlation between the MES and growth for various industries. This size dependent growth potential leads to a rejection of Gibrat's law at least for small firms, according to which size should have no impact on growth (Sutton, 1997) . Firms that have crossed the industry specific MES, however, should obey the law that postulates a proportional growth size relationship (Simon and Bonini, 1958) . Other models emphasize the importance of learning for firm dynamics and are based on passive and active learning theoretic models derived by Jovanovic (1982) and Ericson and Pakes (1995) . These approaches assume that new firms only receive information about their effectiveness after market entry, i.e. they operate in an unsure environment in the beginning, But they are able to learn from previous periods and experiences. And according to Jovanovic (1982) and Ericson and Pakes (1995) , new and small firms should then grow faster, given that they survive. Various studies from technology-based literature mention that increased technology as well as the knowledge orientation of the economy leads to high growth in terms of employment, sales or in the creation of new and better products and services (see the survey of Licht and Nerlinger, 1998) . Firms operating in these sectors should have a higher probability to grow fast compared with firms from other branches for this reason. Since the industry classification (NACE code) of each firm in the data set is known, it is possible to separate firms from manufacturing as well as from business related services into two groups.
This allows an examination of whether firms from technology intensive manufacturing industries and/or knowledge based firms from the business related services have a higher probability of becoming fast growing firms compared to the remaining firms (in their economic sectors). Audretsch (1995) (Stiglitz and Weiss, 1981) . This is due to differences in the incentives to pursue projects that are characterized by a relatively high expected return and a relatively high risk of failure (Harhoff et al., 1998) . Storey (1994) states accordingly that many studies find a tendency towards fast growth for limited companies.
Tight links with external firms may provide additional know-how or capital as well as networks with customers or suppliers (Variyam and Kraybill, 1992; Aldrich et al., 1990) . Therefore, positive effects on average employment growth as well as on fast growth can be assumed from partnerships with external firms. Moreover, the human capital of the founder(s) and/or owner(s)
is an important factor that determines the speed of growth. The higher the human capital endowment, the higher the probability is that a given firm is a fast growing one (Bates, 1990; Bruederl et al., 1992) . Since this study can only measure the highest human capital endowment available of all persons involved, a team of founder(s) and/or owner(s) should more often belong to the group of firms that grow fast. This hypothesis is based on the assumption that individual know-how or knowledge deficits may be compensated for by other team members (Eisenhardt and Schoonhoven, 1990; Storey, 1994) .
Several empirical studies point to the fact that location is an important factor in explaining growth (North and Smallbone, 1995) . There is evidence that firms in rural areas experience more rapid growth than firms in agglomerations (Storey, 1994) since the former areas offer the firms advantages with respect to several infrastructural factors (lower rental and labor costs compared to agglomerations, better transport links).
The ZEW Entrepreneurship Study
The data set at hand is entitled ZEW Entrepreneurship Study and contains 12,000 observations that have been included in a telephone survey in 1999 . and Western German firms -namely the sample is comprised of 6,000 firms from each region. Second, the other main stratification criterion is an indi-
1 The survey is part of a project co-financed by the German National Science Foundation (DFG) and entitled "Survival, growth and fast growth of start-ups in Eastern and Western Germany".
2 CREDITREFORM is the largest German credit rating agency.
cator 3 that gives information as to whether the respective firm has possibly exited the market or is still active. We oversample firms with these indicators when drawing the sample to get a satisfactory number of interviews with exiting firms for the empirical analysis, since these firm groups show worse response behavior compared to firms still active on the market .
We used a CATI system 4 to carry out the survey that was divided into three stages. In the first stage, a firm representative was expected to answer the survey. Afterwards, a firm participant (owner, business manager, partner with the highest share) was chosen for all firms that did not answer the survey completely in the first stage. If no contact could be established with the selected firm participant or the person refused to answer the survey questions, a second person was chosen. With 3,702 completed interviews 5 out of 12,000 sample observations, the response rate was about 31 per cent, which is relatively high compared to other German studies conducted by telephone.
6
Further restrictions with respect to the date of start-up and to employment figures are necessary to obtain the data set used for the empirical analysis.
The observations used for the present study had been established between 1990 and 1993. This led to the exclusion of some firms from the data set since they either had foundation dates before 1990 or after 1993 although only foundations between 1990 and 1993 should be in the sample according 3 This indicator is based on information of CREDITREFORM and points to problems in handling the data set or to different stages of bankruptcy proceedings.
4 CATI stands for Computer Assisted Telephone Interviewing. 5 Representatives of surviving as well as of exiting firms took part in the survey and provided complete interviews. The term "complete interviews" refers to a final status of the CATI system. Nevertheless the individual observations differ in their information content.
6 Several firms refused to answer all questions but at least gave information as to whether they had exited the market or not. For analyses dealing with the survival of firms, a statement regarding the survival status is possible for an additional 2,234 firms.
to CREDITREFORM. This concerns about 800 observations. Additionally, partial and complete take-overs are excluded from the empirical analysis, since the study focuses on the fast growth potential of true or original start-ups.
This concerns more than 700 firms with start-up dates between 1990 and 1993 but with some kind of economic activity prior to this date. Moreover, either surviving firms or market exits must have a valid number of employees in the year of start-up, since this is an important determinant in evaluating the employment creation process of new firms after start-up. The firms also need a further employment number at least five years after start-up to be considered for the econometric analysis. For this reason, surviving firms as well as market exits could qualify for the group of fast growing firms. Only market exits that existed for less than five years do not belong by definition to the fast growers category. Last but not least, some observations could not be used for the analysis due to missing employment numbers or missing values in exogenous variables. This leads to a final data set of 1,949 observations. Apart from the information acquired in the interviews, other details from the ZEW Foundation Panels East and West and external data bases are available. Table 1 contains descriptive statistics of the main variables used in the empirical analysis. The average number of employees at start-up is about 7 whereas the median, a measure that is less suspectible to outliers, is 3. The median confirms the findings of other studies that new firms start very small and create in most cases only a work-place for the founder(s). Table 1 
Descriptives and definition of the German high-tech sector
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where E represents the number of employees, t the year of foundation and (t+5 + ) indicates the year 5 after start-up or later on. This was done to increase the number of observations in the empirical analysis in order to decrease a sample selection bias, since several firms have incomplete employment histories.
The growth rate was calculated for both surviving and exiting firms. No growth rate was calculated for market drop-outs that existed less than five years. Additionally, for the specifications of fast growing firms that combines relative and absolute growth (Birch Index and the definition by Bruederl and Preisendoerfer (2000)) of the number of jobs created in at least 5 years, it is necessary to separate firms according to their growth potential.
The inclusion of a growth path calculated over a period of more than five years may lead to a bias since growth rates depend on the age of the firm (Evans, 1987) . The longer the observation period, the lower the annual employment growth potential. However, this problem should be of minor relevance since the calculation of growth measures exceeded the five year period only for 89 firms. Table 2 contains additional details of the fast growing firms. Here and later on, the specification "top 10 per cent" characterizes the group of fast growing firms that belongs to the upper 10 percentile of the growth distribution for the surviving firms and the exiting firms (see equation (1) 
>> insert Table 2 about here <<
First of all, fast growing firms in the first specification show on average the smallest start-up size. This is not surprising since this specification favors relative growth and therefore the growth of small firms. Fast growers in the first specification achieve slightly higher average annual employment growth rates.
Moreover, it is not surprising that the fast growers in the second and third specification create slightly more jobs than the "top 10 per cent" of growing firms, since besides the relative growth criterion, firms have to create a particular number of new jobs. Finally, there are three rows in Table 2 containing the number of observations that belong to respective two specifications. This indicates that a considerable number of firms belongs to more than one fast growth specification.
Definition of the German high-tech sector
One goal of this paper is to examine whether firms from technology-intensive manufacturing industries as well as knowledge-based firms from the business related services have a higher probability to grow fast compared to the remaining firms in these economic sectors. The definition of technology-intensive manufacturing firms goes back to a differentiation of technology-intensive goods derived by the OECD (Gehrke et al., 1997) . On the basis of this list, technologyintensive manufacturing industries have an average R&D-intensity of more than 3.5 per cent. 7 Recent empirical studies also found that service firms carry out a considerable amount of R&D and innovation activities (Harhoff et al., 1996) . These firms operate in so called knowledge-based business related services and the definition highlights the necessary knowledge inputs and qualification requirements for these firms to carry out innovation activities. 
which estimates the probability that firm i belongs to the group of fast growing firms where Φ(•) is the cumulative density function of the standard normal.
Specification tests and probit estimation
Tests on normality and heteroscedasticity have been carried out to find potential misspecifications since these would lead to inconsistent estimates. I use the test procedures proposed by Verbeek (2000) to check if misspecifications of the distributional assumptions (non-normality, heteroscedasticity)
exist. The results of the heteroscedasticity tests for individual variables and groups of variables are printed in Table 3 . The statistics are χ 2 distributed with as many degrees of freedom as variables to be tested for heteroscedasticity.
>> insert Table 3 about here <<
The normality assumption 9 cannot be rejected at the 5 per cent level of significance in a χ 2 test with 2 degrees of freedom for the first and third specification (see last row in Table 3 ). However, the null hypothesis is rejected in the specification "100 per cent & 10 jobs".
Afterwards, we re-estimate the probit model where the variance can have the following arbitrary multiplicative form (Harvey, 1976 )
in the first and third specification, since non-normality of the error terms is not prevalent and only the human capital variables are a source of potential misspecification in both estimations (see Table 3 ). 10 The vector z i contains the human capital variables and equation (3) then changes to
I tried to correct for the heteroscedasticity arising from the human capital variables using the method proposed by Harvey (1976) . However, the results were unsatisfactory since the significance of the coefficient and their signs changed and some dummy variables had implausible high values. 11 It turned out that heteroscedasticity seems to have a more complicated form. Therefore, I do not interpret the results from the heteroscedastic probit model but estimate additionally the first and third specification using the OLS method with robustly estimated standard errors (White, 1980) . This is done since OLS generates the best linear unbiased estimator and heteroscedasticity only diminishes the efficiency. I then compared the results with those of the homoscedastic probit model (see equation (3)) and it turned out that they were nearly the same.
For this reason, I present the results of the homoscedastic probit. 12 The specification is just as before. Two variables exist for each determinant, one for Eastern and one for Western German firms. They are zero otherwise. This is done to make the results comparable between Eastern and Western Germany in a pooled estimation. Otherwise, one could make separate estimates for Eastern and Western Germany, restrict one coefficient to 1 and interpret the effect of other exogenous variables relative to this coefficient, since the probit model only permits an identification of the parameters up to scale. This is because of the normalization of the error terms i from the normal to the standard normal distribution (McCullagh and Nelder, 1989 ).
Last but not least, sensitivity tests were carried out to check whether the omission of observations where the growth rates were calculated over a time 11 These results are not reported but available on request.
12 Tables 6 and 7 contain the results of the OLS estimates.
period of more than five years changes the results or not. The tests showed no remarkable coefficient changes. For this reason, the interpretation of the results is based on the data set that contains all 1,949 observations.
Results
When interpreting the results one should keep in mind that a potential selection bias exists. Market exits have a lower probability of answering the survey questions completely and firms possessing certain characteristics are more likely to belong to the group of market exits. However, the survey yielded to a considerable number of market exits and by including the available market exit data in the analysis, the results should not suffer from the classic sample selection bias. Moreover, this potential bias diminishes due to the inclusion of firms where the growth rate was calculated for a longer period than five years.
According to the results of Delmar (1997) Tables 4 and 5 Gibrat's law (Sutton, 1997) . This effect does not appear for the Birch Index specification. The negative impact for the first specification is not surprising and is confirmed by numerous empirical analyses, showing that relative growth of small firms is c.p. higher than that of larger ones (Evans, 1987; Wagner, 1992; Sutton, 1997) . The specification that uses the Birch Index distribution does not show this development since fast growing firms are larger here on average. The results confirm theoretical considerations that firms are founded with a suboptimal size and therefore must grow quickly to reach a MES level of production. Once this size is achieved, no compelling reasons exist for further growth in most cases (Curran, 1986; Storey, 1994) . The results confirm those found in the fast growth studies of Buergel et al. (2000) or Lessat and Woywode (1999) , but partially contradict those found in Bruederl and Preisendoerfer (2000) . The Birch Index distribution of fast growing firms indicates a positive but insignificant growth size relation like the one found by the aforementioned authors for Bavarian business data.
Firms founded in 1992 and 1993 in Eastern Germany perform worse than firms in the reference group which where founded in 1990 in both categories. The remaining firms have the same chance of becoming fast growers. Therefore, Eastern German firms founded up to two years after reunification started in a "time window" that provided conditions favoring fast growth and offered a "first mover advantage". These firms could satisfy the increased demand for products and services since after more than 40 years of a planned economy the existing economic structures were not able to produce a sufficient amount of such necessary goods. Differences with respect to the year of start-up do not exist in Western Germany. Here, the year of start-up does not influence the probability of fast growth. These results, especially those for Eastern Germany, depend strongly on the development in individual branches as we will see later.
The manufacturing sector released thousands of employees and a service sector hardly existed (Steiner et al., 1998) . These conditions and developments favored the origin of niches in the early years following reunification. Firms that operated in these niches often had an above average growth potential in the first few years after start-up.
A further determinant of fast growth potential is the legal form. Eastern German firms with a limited liability legal form (GmbH, GmbH & Co.KG, AG) have a c.p. higher growth potential. Firms with these legal forms carry out more risky projects which, if successful, result in fast growth in comparison to other firms (Stiglitz and Weiss, 1981; Harhoff et al., 1998) . These differences do not appear in Western Germany where the legal form does not influence the growth potential of firms.
The effects of the sector dummies are ambiguous a priori. On the one hand, the dummies could represent the effects of different MES levels in the economic sectors under examination. On the other, the dummies could cover potential market entry barriers or high entry (fixed) costs that deter entry, as well as the existence of niches that favor fast growth. The last point mentioned is of special importance in Eastern Germany. Firms from construction, transport & communication and business related services that are not knowledge-intensive have c.p. a higher probability of rapid growth compared with trade firms (reference sector) in the first specification in Eastern Germany. This is not surprising in view of the "construction boom" in Eastern Germany after reunification and the huge demand for services in the so called "service desert" of the German Democratic Republic. Moreover, this result supports the existence of niches that existed in Eastern Germany in the early 1990s. Eastern
German firms from manufacturing branches that are not technology-intensive have -in addition to the three economic sectors from the first specificationsignificantly better growth prospects in the Birch Index specification for Eastern Germany. This further supports the niche hypothesis. On the contrary, there are no sector related differences for the probability of fast growth for both specifications in Western Germany.
An important concern of this study was to establish whether firms from technology-intensive manufacturing industries as well as knowledge-based business related service firms have a higher propensity to grow fast compared to the remaining firms in these economic sectors. Eastern Germans firms operating in non-technology-intensive manufacturing sectors have better chances of becoming fast growers in comparison to firms from technology-intensive manufacturing in the Birch Index specification. This is not the case for both Western German specifications as well as for the first Eastern German specification.
The special situation in Eastern Germany led to a restructuring process in the manufacturing sector (Steiner et al., 1998) and mainly new firms that do not belong to technology-intensive branches seemed to have better prerequisites to increase their number of employees substantially. The fast growth potential of this group in relative terms (high growth rates) is not surprising, since the majority of these firms is new and mostly small. Western German knowledgebased business related service firms do not have a significantly higher probability of becoming fast growers than the remaining business-related service firms. The growth prospects of these two firm groups in Eastern Germany differ since business related services that are not knowledge-intensive have a higher probability to grow fast.
Taken together, I find no evidence that firms from technology-intensive manufacturing sectors possess a higher probability of fast growth as compared to the remaining manufacturing firms. Moreover, there is evidence that Eastern
German knowledge-based business related service firms have worse chances for fast growth than than firms in the remaining business related service sectors. There are no differences between both of these firm groups in Western
Germany. The results partly contradict the findings of other studies, where high-tech firms have a higher survival probability and higher average employment growth rates (Agarwal, 1998; Almus et al., 1999) .
There is no significant statistical effect coming from other firms that possess a share in the founded one. Therefore, networking, financial as well as knowledge supports do not seem to favor the development of fast growers. Moreover, the probability of becoming a fast growing firm does not depend on the number of firm participants. It seems that a founding team does not offer enough advantages (e.g. compensating knowledge and/or qualification deficits) to stimulate fast growth or potential disadvantages (inconsistencies on how to run the firm) balance the advantages out.
The human capital endowment of the firm's participant(s) contributes to the explanation of fast growth. Firm participants that hold the title of doctor or professor as well as people that hold a university degree have better chances of owning firms that become fast growers. This confirms the results of Bruederl and Preisendoerfer (2000) who found that entrepreneurs with a high human capital endowment are more likely to experience fast growth. The remaining groups in the second specification and all groups in the first specification do not differ from the reference category "completed vocational training".
Finally, the population density can only contribute to the explanation of fast growth for the Birch Index definition in Western Germany. However, the coefficients are negative for both specifications in Western and Eastern Germany.
This partly supports the results of Storey (1994) and North and Smallbone (1995) that firms in rural areas experience more rapid growth than firms in agglomerations since the propensity to grow fast decreases c.p. with a rising population density.
Summary
This study focuses on determinants that favor or hamper fast employment growth of start-ups in Eastern and Western Germany founded in the first years after reunification. Special attention was paid to the development of firms in individual economic sectors and the differences between Eastern and Western Germany. Factors that favor fast growth of German firms in the 1990s exist primarily in Eastern Germany due to special conditions after reunification.
The estimates have shown that the definition of fast growth has a significant influence on the impact of some exogenous variables. This indicates that it matters whether relative or absolute growth is concentrated on.
There are no signs that technology-intensive manufacturing branches and knowledge-based business related service sectors are comprised of firms that have better chances to grow fast compared with other economic sectors. Firms in technology-intensive manufacturing sectors either do not differ in their probability to or have even a smaller probability of belonging to the fast growers.
The situation in knowledge-based business related services is not more favorable. Firms in these sectors in Western Germany do not perform better and in Eastern Germany. They perform even worse compared to the remaining firms in business related service sectors. These results may partly reflect the shortcomings in the data, since there is no firm specific information with respect to the technology-orientation of the firms available. This problem must be solved in subsequent studies.
Despite the comprehensive information in the data set at hand, the influence by Almus and Prantl (2001) , but also on the potential to grow fast?
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